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A DUAL BAND DIVFT^CTTrV WLAN ANTENNA SYSTEM FOR LAFTOP 
COMPPTEttS^ T>RINTER g ^Tsm RTMTT.Al^ ttlSVIClES 

The present invention relates to a novel antenna, vMch may cover the fieqiiency 
5 bands used for IEEES02-lla/b/g "wireless LANs, comprising a dual-band radiator 
coupled to a microstrip transmission line by means of a shaped ceramic peUet The 
de^ce is designed to be fitted into the display section of laptop computers, but may 
also find apphcations in devices that communicate with computers such as printers, 
and the like. The devices are designed to operate in pairs with good isolation 
1 0 between them, so as to create diversity in the antenna system. 

The introduction of wireless LAN connectivity has created a demand for compact 
low-cost antennas covering the fiequency bands 2.4 - 2.5GHz and 4.9 - 5,9GHz. 
These are typicaUy fitted to laptop computers and PDAs, and they will soon be found 
15 in printers, scanners and other peripheral devices. 

The essential properties for these antennas axe high efficiency, and radiation patterns 
which are as nearly omnidirectional as possible - even when momited on the target 
device- These electrical parameters must be combined with physically small 
20 dimensions and the potential for production at very low cost Most antemias will be 
directly connected to a sub-miniature coaxial cable and the antenna design must 
embody a suitable means of attachment that wiU control the placement of tiie cable 
accurately enough to ensure good repeatability of input matching. 

25 Accordmg to a first aspect of the present invention, there is provided a dual band 
antenna device comprising a dielectric substrate having opposed first and second 
surfaces, a groundplane on the second surface, a microstrip transmission line on the 
first surface, a dielectric pellet mounted on the fii^ surface on the microstrip 
transmission Une, and a bifurcated planar inverted-L antenna (PILA) component 

30 mounted on the first surface, the PILA component having first and second electricaUy 
connected arms which extend over and contact a surface of the dielectric peUet, the 
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first arm contacting a different area of the surfece of the dielectric pellet than the 
second ftrm^ the PILA also being electrically connected to the groundplane. 

The dielectric substrate may be in the form of a printed circuit board (PCB) with a 
5 metallised (e.g. copjwr) groundplane. A particularly preferred dielectric substrate is a 
Duroid®PCB. 

The dielectric pellet is preferably made of a high pennittivity ceramics material, for 
example having a relative pemiittivity of at least 6. 

10 

The dielectric pellet is preferably an elongate oblong with a generally flat upper 
surface (Le. the surface of the pellet distal Scorn the first surface of the dielectric 
substrate), and in a particularly preferred embodiment is formed as a bridge structure 
such that it contacts the microstrip transmission line only at its ends. 

15 

The bifurcated PILA is preferably arranged substantially in line with the elongate 
ceramic pellet, and the first arm of the PDLA preferably eictends across and contacts 
an entire length of the upper surface of the ceramic pellet, while the second arm of 
the PILA is preferably shorter than the fixst arm and contacts only one small part of 
20 the Tipper surface of the ceramic pellet. An end of the PILA distal fiom the arms may 
be connected to the groundplane by way of conductive pins that pass through lie 
dielectric substrate. 

In contrast to traditional dielectric resonator antenna (DRA) structures, where the 
25 ceramic pellet (the resonator) is fed at a single point (e.g. by a probe or slot feed), the 
ceramic peUet in the present invention is fed along its length where it contacts the 
microstrip transmission line. The ceramic pellet does not itself radiate significantly, 
but serves as a dielectric load for the armR of the PILA, which is the main radiating 
structure. 

30 
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At lower frequency bands, e.g, 2.4GHz, the first, longer arm of the PILA tends to be 
the main radiator, and is excited by the electromagnetic field in a comer of the 
ceramic pellet near the end of the first arm. 

5 At higjier firequency bands, e.g. 5,5GHz, the second, shorter arm of the PILA tends to 
be the main radiator, and is excited by die electromagnetic field in a comer of the 
ceramic pellet near the end of the second arm. 

Nevertheless, it is to be appreciated that the whole of the ceramic pellet can excite the 
10 PILA to a greater or lesser extent depending on the fi-equency and also on specific 
design factors. 

By exciting the two aims of the PILA in different ways, the present invention 
provides a novel dual band hybrid antenna. 

15 

In an alternative embodiment, the dielectric substrate beneath the ceramic pellet can 
be removed so as to leave the pellet suspended fit>m the PILA over the groundplane, 
and the microstrip transmission line omitted. In this embodiment, the pellet is fed 
directly by a coaxial cable with its outer element connected to ground and its inner 
20 element soldered or otherwise connected to the pellet. 

Accordingly, m a second aspect, the present invention provides a dual band antenna 
device comprising a dielectric substrate having opposed first and second surfaces, a 
groundplane on the second surfece, a bifurcated planar inverted-L antenna (jPILA) 

25 component mounted on the first surfiice and electrically connected to the 
groundplane, the PILA component having first and second electrically connected 
arms, and a dielectric pellet having a surface connected to the first and second arms, 
wherein the dielectric substrate includes an aperture that is disposed beneath the 
dielectric peUet, wherein the pellet is connected to a coaxial feed line, and wherein 

30 the first arm of the PILA component contacts a different area of the surface of the 
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dielectric pdlet thaa the second ann, the PILA also being electrically connected to 
the groundplane. 

For a better understanding of the present invention and to show how it may be cairied 
5 into effect, reference shall now be made by way of example to the acconipanying 
drawmgs, in which: 

FIGURE 1 shows a preferred embodhnent of the present invention; 
10 FIGIIRE 2 shows an E-field plot of the antenna of Figure 1 at the 2.4GHz band; 
FIGURE 3 shows an E-field plot of the antenna of Figure 1 at the 5.5GHz band; 
FIGURE 4 shows a measured return loss plot of the antenna of Figure 1 ; and 

15 

FIGURE 5 shows a plot of isolation between a pair of antennas of Figure 1 . 

In a particular example, shown in Figure 1, the antenna comprises three major 
components: 

20 

Radiating element 1: This is a narrow quarter-wavelength grounded patch with 
sepamte radiators 2, 3 for each firequency band. 

Microstrip feed line 4: The radiatmg elements 1, 2, 3 are excited ftom a microstdp 
25 feedline 4 entering the structure at the open-circuit end. The feedline 4 incorporates a 
matched microstrip/coaxial transition to allow the antenna to be fed £x)m a 
subminfature coaxial cable (iJZmm diameter) (not shown). 

Ceramic pellet 5: The shaped ceramic peUet 5 (er = 6 in this example) loads the 
30 radiating element 1, reducing its physical length, and also enhances the coupling 
between the element 1 and the feedline 4. 

4 
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Hie radios element 1, microstrip feed line 4 and ceramic pellet 5 are all mounted 
on one side of a dielectric substrate 6, which is preferably made of Duroid®. The 
opposed side of the substrate 6 is provided witti a conductive groundplane 7. 

5 

A leg portion 8 of the radiating element 1 is shorted to the groundplane 7 by way of a 
conductive connection through the dielectric substrate 6. 

The ceramic component 5 is not functioning as a dielectric resonator antenna (DRA), 
10 yet the operation of the structure is strongly dependent upon its presence for reasons 
beyond shnple dielectric loading; for this reason it is referred to as a hybrid ceramic 
antenna. 

The radiating element 1 is not a PIF A (a planar inverted-F antenna) with a fixed feed 
15 point tapped into the patch or closely capacitively coupled hito flie patch, as is usual 
practice for engineermg small patch antennas. In contrast, the element 1 is a PILA (a 
planar mverted-L antenna) and has no direct feed point Instead it is excited by the 
electromagnetic field m a relatively long dielectric ceramic pellet 5, which is in turn 
fed by the microstrip transmission line 4. The field in the ceramic pellet 5 is 
20 generated by displacement currents. The anangpment provides a number of 
additional parameters, such as the shape^ dimensions and relative permittivity of the 
ceramic 5, and its position relative to both the microstrip Ime 5 and the radiating 
element 1. The optimisation of these parameters allows tiie designer substantial 
choice in the performance of the antenna, as can be seen by the example. 

25 

The feed is arranged to be at the open end of the PILA 1, where for a conventional 
feed the impedance would be very high and the antenna would be difBcult to feed. 

The PILA 1 is bifurcated with two aims 2, 3 of difierent lengths. The elongated 
30 dielectric ceramic pellet 5 acts as a feed and effective drive for both arEUS 2, 3 of the 
PILA 1, driving each at the appropriate frequency. 

5 
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Simulated results: 

Initial development of the antenna was carried out using the Ansofl(E> 3D 
5 electromagnetic simulator, IIFSS. The computer simulation results showed good 
return loss at the desired frequency bands. The simulation also conj5rmed the 
effective and independent operation of the two sections 2, 3 of the radiating element 
I and allowed the optimisation of the size, shape and permittivity of the ceramic 
pellet 5. Figure 2 shows the expected electric field distribution at the middle of the 
10 lower 2AGHz frequency band, with the electric field being strongest at the ^d of the 
longer ana 3 of the radiating element 1. Figure 3 shows the expected electric field 
distribution at the middle of tiie upper 5.5GHz firequency band, with the electric field 
being strongest at the end of the shorter arm 2 of the radiating element 1 - 

15 

Measured results: 

The measured input return loss of the complete antenna and its feed cable is shown in 
Figure 4. The small ripples in the measurement are caused by a mismatch at the 
20 measurement point, a familiar problem when working with subminiature cables at 
high firequencies. 

It can be seen that the design has been configured to provide a much wider bandwidth 
at 5GHz than at 2.5 GHz, corresponding to tiie desired requirement of the antenna. In 
25 a practical appUcation, compensating the connector discontinuity within the 
connected device can reduce the input-end mismatch and corresponding ripple, 
allowing the target return loss of 1 OdB to be achieved across botii bands. 

To investigate isolation performance, a pair of antennas was mounted in a typical 
30 laptop application on the top of the display with a spacing of 75 mm between the 
antennas. It can be seen firom Figure 5 that the isolation between the antennas is 
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azound 20 dB in the low band (where the antennas are electrically closer together) 
and 40 dB in the high band. 

The preferred features of the iax'ention are applicable to all aspects of the invention 
and may be used in any possible combination. 

Throughoirt the description and claims of this specification, the words "comprise" 
and "contain" and variations of the words, for example "comprising" and 
"comprises", mean "including but not limited to", and are not intended to (and do 
not) exclude other components, integers, moieties, additives or steps. 
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